lceland D‘[ﬂ:‘

Liechtenatsin Working together for a green, competitive and inclusive Europe

Norway grants

EMERALD e-toolkit for
teaching purposes, basic
knowledge about realizing
biomimetic mechatronic
systems

Rdzvan PACURAR, Filip GORSKI, Filippo SANFILIPPO, Diana BAILA,
Branislav RABARA, Martin Bjaadal @KTER, Dan-Sorin COMSA,
Emilia SABAU, Magdalena ZUKOWSKA, Dominik RYBARCZYK,

Natalia WIERZBICKA, Radostaw WICHNIAREK, Wiestaw KUCZKO,

Roman REGULSKI

W =y E= iViAus

TECHNICAL
UNIVERSITY
OF CLUJ-HAFRDCA

ROBAMIA




O cditura EISCHEIND)

Toate drepturile rezervate autorilor & Editurii Risoprint

Editura RISOPRINT este recunoscuta de C.N.C.S.
(Consiliul National al Cercetarii Stiintifice).
WWW.Fisoprint.ro www.cncs-uefiscdi.ro

P

Opiniile exprimate in aceasta carte apartin autorilor §i nu reprezinta punctul de vedere
al Editurii Risoprint. Autorii 15i asuma intreaga responsabilitate pentru forma si
continutul cartii si se obligd sa respecte toate legile privind drepturile de autor.

Toate drepturile rezervate. Tiparit in Romania. Nicio parte din aceasta lucrare
nu poate fi reprodusa sub nicio forma, prin niciun mijloc mecanic sau
electronic, sau stocata intr-o baza de date fara acordul
prealabil, n scris, al autorilor.

All rights reserved. Printed in Romania. No part of this publication may be
reproduced or distributed in any form or by any means, or stored
in a data base or retrieval system, without the
prior written permission of the author.

ISBN 978-973-53-3048-4

EMERALD e-toolkit for teaching purposes,
basic knowledge about realizing biomimetic mechatronic systems

AUTHORS

Rizvan PACURAR, Filip GORSKI, Filippo SANFILIPPO,
Diana BAILA, Branislav RABARA, Martin Bjaadal OKTER,
Dan-Sorin COMSA, Emilia SABAU, Magdalena ZUKOWSKA,
Dominik RYBARCZYK, Natalia WIERZBICKA,
Radostaw WICHNIAREK, Wiestaw KUCZKO, Roman REGULSKI

Director editura: GHEORGHE POP

Acknowledgement: The publishing of this project e-book has been financially supported by the project
entitled “European network for 3D printing of biomimetic mechatronic systems”, The Education,
Scholarships, Apprenticeships and Youth Entrepreneurship Programme — EEA Grants 2014-2021.

Project reference: 21-COP-0019.




lceland [P[I]j

Liechtenstein Working together for a green, competitive and inclusive Europe
Norway grants

CONTENT

Page | 1

INEFOAUCTION .. e e e et e sr e 2
Computer Aided DESIZN.......cc.uviiveieceieieccece e et e se e e 3
Computer Aided ENINEEIING ....cccocueeeietieeccee ettt s 31
3D PrINTING it e e e e s st saean 69
New materials used for the developed biomimetic mechatronic
VA1 (=] 1.0 T TSP PPRPRPPPPR 114
Virtual Reality / Augmented Reality.......cccooeveeeieinrineieeccecece et 137
3D Printable RODOLIC ArM....cuccee e e 152
CONCIUSIONS ..ottt et s e e e e e e b e e sreaae s 173

This project has been funded with support from the Iceland Liechtenstein Norway Grants. This publication [communication] reflects the
views only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained

therein. e R E UiA University

i“i @ | |. of Agder
Jremiea, bizzcom

OF CLUJ-NAPOCA
ROMANIA




	1_CAD_toolkit.pdf
	1 Introduction
	2 Design of mechanical part of the prosthesis
	2.1 Main assumptions
	2.2 Generative CAD model – principles of operation
	2.3 Prosthesis model design
	2.4 Final version of bicycle prosthesis
	2.5 Design of electronic part of the biomechatronic prosthesis

	3 Summary
	Literature

	2_CAE_Toolkit.pdf
	1. Introduction
	2. Preparation of the finite element model
	4. Suggestions for individual work
	References

	3_3D Printing_Toolkit.pdf
	Fig.1. Personalised orthosis
	Fig.2. SolidWorks – SLDPRT. file
	Fig.3. SolidWorks Visualize 2019 – orthosis with different texture mapping
	1.2. STL file
	Fig.4.Orthosis meshing – STL. file
	1.3. 3D Printing software’s
	Fig.5. Open Ultimaker Cura software and introduce the STL. file of part
	Fig.6. Change the part scale, after X, Y, Z axis
	Fig 8. 3D Printing Extruder chosen
	Fig.9. Choosing the ABS filament for 3D Printing
	Fig.10b. Manufacturing parameters for custom 3D Printing without supports
	Fig.11. Recommended manufacturing parameters for the part by the software
	Fig.13. Save Project
	Fig.15. Save project as 3mf. file
	Fig.17. Different extension for file export
	Fig.19. Personalized Orthosis printed by FDM technology
	2.1. CAD Modeling
	Fig.20. Exploded View – Robotic Arm
	Fig.22. SolidWorks Visualize 2019 – robotic arm with different texture mapping
	Fig.23.Robotic Arm – STL. file
	Fig.24. Drag the STL. files on the worktable of the 3D Printer using Ultimaker Cura
	Fig.25. PLA filament choosing for 3D Printing
	Fig.26. Printing setting for PLA material
	Fig.27. Prepare 3D Printing using two extruders and click slice
	Fig.28. Recommended manufacturing parameters for the part by the software
	Fig.30. Save project as *3mf. file
	Product  3:  3D  Fresh  Printing  of  organ  phantom  for  surgical  applications  –  site

	Fig.35. Liver model for printing
	3.1. CAD Modeling
	Fig.36. STL. file – liver phantom
	3.2. STL file
	Fig.38. Exploded View – Liver phantom
	3.3. 3D Printing software’s
	Fig. 40. Software PreForm, 3D printer, photopolymerisable resin and layer thickness chosen
	Fig.41. Orientation X,Y,Z on the worktable of the part
	Fig.43. The layout chosen
	Fig.45. Drag the liver phantom STL. file on the worktable
	Fig.46. Change the scale at 1:2 and was calculating orientation and generating the supports
	Fig.47. Calculating orientation and generating supports
	Fig.49. Save the file as Liver with the extension .FORM
	Fig.51. Drag the blood vessel STL. file on the worktable platform
	Fig.53. Supports generating
	Fig.55. Save the file as Blood Vessel .FORM file
	Fig.57. Liver phantom with blood vessels
	4. Conclusions
	5. References


	4_Materials_Toolkit.pdf
	1 Total Materia database – Quick search for alloys
	2. Total Materia database – Advanced Research for alloys
	3. Total Materia database – Search algorithms used for identification the unknown metallic materials
	4. Total Materia database – polymers, ceramics and composite materials
	5. Conclusions
	References

	5_VR_AR_Toolkit.pdf
	1 Introduction. Overview of whole process
	To create the 3D preview in Augmented reality we need 3D objects, we can get this through following steps:
	- Or modeling of the 3D objects

	2 Building Augmented Reality animations
	2.1 Introduction to Blender software
	We can also model an object in software called SolidWorks or similar.
	That means if we have a vertex files, we can create animation in Blender software. This is a simple process where we import the model first:
	We can change the materials or specifications of the object we will switch to view specifically color palette of this object in right bottom corner:
	And from the bottom of the screen we can expand the timeline where we can create individual frame.
	We will set the starting and ending of the timeline
	We will fix this position at 100. This means we will move to frame 100 with mouse and then rotate the object by pressing “R” and then pressing the KEY button “I” to fix it.
	Then we will move to the frame 160 by mouse over Timeline and again rotating over axis y we rotate the object. And again, we will fix the position and by pressing “I” then moving to the last one at 200, rotating object again by “R”. We will fix the po...
	Here is preview of another object where we created another animation:
	Once we have the objects created, we need to save them and export them into Glb file for Android.
	Or we can use the USDZ format, which is for IO OS, we can find the online core value converter for such.
	And here is the preview of online converter to create USDZ file.

	2.2. Creating website to display AR models
	Once we have the individual models, we use the web interface WEB APP – 3D Viewer, which is used to create preview of the 3D models using the HTML code.
	Through this we can redirect to other imported sub models. As you can see from the screenshot, it contains the models. For example, here we can click on the first object model1.html:
	The sub site of the first object contains individual code as well.



	UiA_toolkit_Robotic arm.pdf
	1. Introduction
	2. 3D Printed programmable robotic grippers
	2.1. Introduction to 3D printed robotics
	2.2. Programming Robotic Arms using Arduino Platform
	2.3. Design and 3D printing of robotic arms
	2.4. Use of robotic arms as haptic devices

	3. Biomimetic 3D printable robotic gripper
	3.1. Introduction
	3.2. Construction
	3.3. Control
	3.4. Software
	3.4.1. AS5600
	3.4.2. PID
	3.4.3. pwmMotor
	3.4.4. HapticSensor
	3.4.5. HapticArm

	3.5. Manufacturing and testing

	4. Summary
	Literature




